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ABSTRACT 



Objective(s): More than 1500 registered mutations in cystic fibrosis transmembrane regulator 
(CFTR) gene are responsible for dysfunction of an ion channel protein and a wide spectrum of 
clinical manifestations in patients with cystic fibrosis (CF). This study was performed to 
investigate the frequency of a number of well-known CFTR mutations in North Eastern Iranian CF 
patients. 

Material and Methods: A total number of 56 documented CF patients participated in this study. 
Peripheral blood was obtained and DNA extraction was done by the use of routin methods. Three 
steps were taken for determining the target mutations: ARMS-PCR was performed for common 
CFTR mutations based on previous reports in Iran and neighboring countries. PCR-RFLP was done 
for detection of R344W and R347P, and PCR-Sequencing was performed for exon 11 in patients 
with unidentified mutation throughout previous steps. Samples which remained still unknown for 
a CFTR mutation were sequenced for exon 12. 

Results: Among 112 alleles, 24 mutated alleles (21.42%) were detected: AF508 (10.71%), 
1677delTA (3.57%), S466X (3.57%), N1303K (0.89%), G542X (0.89%), R344W (0.89%), L467F 
(0.89%). Eight out of 56 individuals analyzed, were confirmed as homozygous and eight samples 
showed heterozygous status. No mutations were detected in exon 12 of sequenced samples. 
Conclusion: Current findings suggest a selected package of CFTR mutations for prenatal, neonatal 
and carrier screening along with diagnosis and genetic counseling programs in CF patients of 
Khorasan. 
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Introduction 

Cystic Fibrosis (CF) is the most common autosomal 
recessive disorder in Caucasian populations (1), caused 
by mutation in cystic fibrosis transmembrane 
conductance regulator (CFTR) gene. (2, 3) The CFTR 
gene is a member of the ATP-binding cassette 
transporter gene super family which extends 
approximately 190 kb on chromosomal region 7q31.2 
(4), and contains 27 exons. (5) The product of CFTR 
gene is a chloride channel protein of 1480 amino acids. 
The main function of CFTR protein is to maintain the 
hydration of secretions within airways and ducts 
through the transport of chloride and inhibition of 
sodium uptake. (6) CFTR is expressed largely in 
epithelial cells of airways, the gastrointestinal tract 



(including the pancreas and biliary system), the sweat 
glands, and the genitourinary system. 

The oldest and most common mutation identified in 
CFTR gene is AF508 with a frequency of 66% 
worldwide. (7) More than 1500 mutations in the CFTR 
gene have been identified. (8) These include missense, 
frameshift, splice site, nonsense and deletion mutations. 
Although, the prevalence and types of mutations vary in 
different populations based on their geographic and 
ethnic origins (9, 10), a few mutations (p.F508del, 
p.G542X, p.N1303K, p.G551D, p.W1282X) have higher 
frequencies than others. Regarding both nature 
and location of CFTR gene mutations, the common 
consequence is disruption of CFTR protein function 
by means of different mechanisms which leads to 
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various phenotypic manifestations (11, 12). Accurate 
identification of CF mutations results in more 
applicable programs for prevention, diagnosis, and 
treatment of CF. 

Previous studies on Iranian CF patients have 
reported the type and frequency of some common 
CFTR mutations (13-16). Different Iranian populations 
each originating from different geography and ethnicity 
together with polymorphism of CFTR gene leads to 
variety of CFTR mutations in frequency and 
distribution (13). This study focuses on detecting 15 
CFTR mutations in CF patients of Khorasan province, 
North- East of Iran in order to carry out more effective 
diagnostic and medical care services. Since Khorasan is 
a vast province (including North, Razavi and South 
Khorasan), several ethnic populations are found which 
may increase the variety of CFTR mutations. No data 
are available on genotypic characterization of 
Khorasanian CF patients. Therefore, this study 
conducted to recognize common CFTR gene mutations 
in 60 CF patients from North-East of Iran. 

Material and Method 

Ethical clearance 

This study was approved by Ethics Committee of 
Mashhad University of Medical Sciences. Informed 
written consent was obtained from parents after a 
session of counseling regarding genetic testing of the 
disease. 

Selection of patients 

A total of 56 unrelated families with at least one 
affected child with CF who attended the CF center of 
Dr Sheikh Pediatric Hospital in Mashhad were 
enrolled in this study. Cystic fibrosis was diagnosed 
based on following: elevated sweat chloride levels 
(>60 meq/1) on two occasions using pilocarpine 
iontophoresis method; clinical features of recurrent 
or persistent respiratory symptoms such as cough, 
difficult and shortened breathing or sputum 
production or evidences of malabsorption such as 
poor growth or chronic diarrhea; familial history of 
CF. Demographic and clinical information of each 
patient including age, sex, medical and familial 
history, age of disease presentation onset, growth 
indicators and the percentiles, CF complications (if 
existed), first symptoms and signs, fecal lipids and 
trypsin activity, pancreatic insufficiency, amount of 
sweat chloride and consanguinity of parents were 
recorded. 

Mutation analysis 

Peripheral blood was obtained from all affected 
children. Genomic DNA was extracted from 
leukocytes using DNP™ Kit (High yield DNA 
Purification Kit). CFTR amplification was carried out 
in a volume of 25 ^1 using genomic DNA (100 ng), 
forward and reverse primers (10 pM each), PCR 
Buffer (10X, Genet Bio Company), dNTP mixture 



(0.2 mM each, Roche Company) and Taq DNA 
polymerase (one unit, Roche Company). PCR was 
performed in a thermocycler which was arranged 
uniformly for all reactions as followed: initial 
denaturation step at 95°C for five min, denaturation 
step at 95°C for 30 sec, annealing step at 60°C for 30 
sec, polymerization step at 72°C for one minute and 
final extension step at 72°C for seven min. PCR 
products were then revealed on Agarose gel through 
electrophoresis. 

To detect the target mutations, three steps were 
taken: 

The first step was performing amplification 
refractory mutation system assay (ARMS-PCR) 
detecting common CFTR mutations based on 
previous reports in Iran and neighboring countries 
(p.Phe508del, p.Gly542X, p.Asnl303Lys) in all DNA 
samples following description of Ferrie etal (17). 

In the second step, restriction fragment length 
polymorphism technique (PCR-RFLP) was used to 
investigate p.Argl303Lys and p.Arg347Pro 
mutations in exon eight. Restriction enzymes which 
were used for PCR-RFLP step was Mspl and Avill. 

The third step was performing PCR-Sequencing 
for exon 11 in patients whose CFTR mutation was 
still unidentified. Patients, in whom no mutation 
could be detected in exon 11, were analyzed for exon 
12 by PCR-Sequencing technique and compared with 
the CFTR reference genomic sequence. Primers used 
in this study are presented in Table 1. 

Results 

Demographic, clinical, and family history of CF 
patients 

A total of 56 unrelated CF patients from Khorasan 
province (35 males; mean age 24.91 months, 
between one month to 12 years) were enrolled in 
this study and were probed for CFTR gene mutations. 
Among 56 patients (112 alleles), 24 mutated alleles 
were detected (Table 2). 

Identification of mutations 

Performing ARMS-PCR for four common CFTR 
mutations resulted in identification of 14 mutated 
chromosomes: p.Phe508del in 12 chromosomes 
(five homozygote and two heterozygote patients), 
p.Gly542X in one chromosome and p.Asnl303Lys in 
one chromosome as well. Sequencing of exon 11 also 
confirmed p.Phe508del mutations. 

Table 1. Primers used for PCR-RFLP and Sesquencing 

Exon amplified Primer sequence 

Forward: AGA CCA TGC TCA GAT CTT CCA T 
" Reverse: GCA AAG TTC ATT AGA ACT GAT C 

Forward: GCA GAG TAC CTG AAA CAG GA 
Reverse: CAT TCA CAG TAG CTT ACC CA 

Forward: CAA CTG TGG TTA AAG CAA TAG TGT 
Reverse: GCA CAG ATT CTG AGT AAC CAT AAT 
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Table 2. Demographic, clinical, and family characterizations of patients with specific CFTR mutation 



No of 
patients 


Sex 


Sweat chloride 
(meq/lit) 


Pancreatic 
insufficiency 


Age of clinical 
presentation 
onset (month) 


First clinical symptom/sign 


Consanguinity 
of parents 


Mutation status 


I 


M 


110 


_i_ 

r 




oit dioi i lied/ nepa Loiiic^aiy 


F 11 SI LU Llblll 


af c ;o8/ AF^na 

ZArouo/ iir DUO 


2 


M 


115 


+ 


5 


Steatorrhea/Cough/ 
Hepatomegaly 


First cousin 


AF508/ AF508 


3 


F 


130 


+ 


2 


Steatorrhea/Cough 
Wheezing/Skin rash 


First cousin 


AF508/ AF508 


4 


F 


180 


+ 


1 


Steatorrhea/Cough/Vomiting/E 
de ma/Hepatomegaly 


First cousin 


AF508/ AF508 


5 


M 


93 


+ 


3.5 


FTT/Steatorrhea 


First cousin 
once removed 


AF508/ AF508 


6 


M 


100 


+ 


At birth 


Wheezing/Meconium ileus 




AF508/U* 


7 


M 


115 


+ 


2 


Steatorrhea/Cough/Fever 


First cousin 
once removed 


AF508/U 


8 


M 


90 


+ 


6 


Cough/ Wheezing 




N1303K/U 


9 


F 


70 


+ 


At birth 


Meconium ileus/Crackle 


First cousin 


G542X/U 


10 


F 


80 




5 


Cough /Wheezing/Fever 




R334W/U 


11 


M 


109 


+ 


1 


Fever/Wheezing/Cough 


Second cousin 


S466X/ S466X 


12 


M 


120 


+ 


10 


Cough/Wheezing/Steatorrhea 




S466X/U 


13 


M 


100 


+ 


At birth 


Wheezing/Meconium ileus 


First cousin 


S466X/U 


14 


M 


100 


+ 


5.5 


Rectal prolapse/Cough/ 
Wheezing/Steatorrhea 


First cousin 


1677delTA/ 
1677delTA 


15 


M 


85 


+ 


3 


FTT/Sreatorrhea/Wheezing/ 
Cough 


First cousin 


1677delTA/ 
1677delTA 


16 


F 


93 


+ 


4 


Steatorrhea 




1531C/T 
(L467F)/U 



'Unknown mutation 



PCR-RFLP was operated for identification of 
p.Arg334Trp and p.Arg347Pro mutations and revealed 
only one heterozygote status for pArg334Trp 
mutation. 

For detection of other mutations, sequencing was 
done for those patients whose one or both CFTR alleles 
remained incompletely identified. Sequencing data 
indicated nine mutated chromosomes. p.Tyr515X was 
detected in four chromosomes (two homozygotes), 
p.Ser466X also in four chromosomes (one homozygote 
and two heterozygotes) and p.Leu467Phe in one 
chromosome (Table 3). 

Totally, eight out of 56 individuals analyzed were, 
confirmed as homozygous and eight samples showed 
heterozygous status. No mutations were detected in 
exon 12 of sequenced samples. 



Discussion 

In current study, 24 mutated alleles were detected 
in 16 patients out of 56 unrelated CF patients from 
Khorasan province in North-East of Iran. We initially 
detected three of common CFTR mutations among 
Iranian CF patients which were identified in previous 
studies (13) (p.Phe508del, p.Asnl303Lys, and 
p.Gly542X) using ARMS-PCR. Exon eight was probed 
for p.Arg334Trp and p.Arg347Pro mutations by PCR- 
RFLP which revealed only one p.Arg334Trp mutation. 
At final step we focused on PCR-Sequencing for exon 
11 in patients who remained incompletely identified 
for CFTR mutation in any of CFTR alleles, resulting in 
identification of nine other mutated chromosomes 
(p.Ser466X, p.Tyr515X, and p.Leu467Phe) in addition 
to p.Phe508del mutation. For still unidentified samples, 
sequencing was done for exon 12. 



Table 3. Mutations identified in CF children of North-East of Iran. Total chromosomes: 100%, known mutations: 21.42%, unknown 
mutations: 78.58% 



cDNA name 


Protein name 


Legacy name 


Number of chromosomes 
detected 


Exon/Intron 


Description 


Detection 
method 


clOOOOT 


p.Arg334Trp 


R334W 


1 (0.89*-4.16 L ) 


Exon 8 


C to Tat 1132 


PCR-RFLP 


C.13970G 


p.Ser466X 


S466X 


4(3.57-16.66) 


Exon 11 


C to Gat 1529 


Sequencing 


C.13990T 


p.Leu467Phe 


1531C/T (L467F) 


1 (0.89-4.16) 


Exon 11 


Cor Tat 1531 


Sequencing 


c.1521- 


p.Phe508del 


AF508 


12 (10/71-50) 




deletion of 3 bp between 


ARMS and 


1523delCTT 


Exon 11 


1652 and 1655 


Sequencing 


c.l545-1546delTA 


p.Tyr515X 


1677delTA 


4(3.57-16.66) 


Exon 11 


deletion of TA from 1677 


Sequencing 


c.l624G>T 


p.Gly542X 


G542X 


1 (0.89- 4.16) 


Exon 12 


G to Tat 1756 


ARMS 


C.3909OG 


p.Asnl303Lys 


N1303K 


1 (0.89- 4.16) 


Exon 24 


C to Gat 4041 


ARMS 



* % of all analyzed chromosomes 
% of all mutated chromosomes 
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Alibakhshi et a/ (2008) (13) explored 69 Iranian CF 
patients sampled from different geographic areas 
and ethnic groups around Iran. They pointed to a 
decreasing frequency of p.F508del mutation from 
North-West to South-East of Europe, considering a 
gradient which is directed toward Iran. The present 
study indicated a frequency of approximately 11% 
(less than 50%) for p.Phe508del emphasizing the 
previous reports in Iran, (13-15) while the frequency 
of p.Phe508del is more than 50% in European 
countries. (18-20) Although most common CFTR 
mutations in neighboring countries are totally 
different from what have been recognized in Iran. 
p.Phe508del still has the highest prevalence in Asian 
CF patients (21-24). 

The p.Tyr515X and p.Ser466X mutations, are 
both the second most frequent detected mutations in 
Khorasanian CF patients according to current 
findings, each found in 3.5% of all examined alleles. 
The latter mutation indicated to be the second 
frequent mutation among Iranian CF patients based 
on Alibakhshi et al findings. (13) p.Ser466X is a rare 
mutation worldwide and was first detected in 
Southern German patients (25) and has a frequency 
of approximately 1% in Serbia, Montenegro, and 
Croatia. (26, 27) 

The p.Asnl303Lys, p.Gly542X, p.Arg334Trp, 
p.Leu467Phe (L467F) mutations, each had a 
frequency of approximately 4.1% of all detected 
mutations and 0.9% of all analyzed chromosomes. 
p.Asnl303Lys has a high frequency among 
Mediterranean countries and was reported as the 
second frequent mutation in Iran, (28) Lebanon (29) 
and Algeria (30) and third common mutation in 
Libya (31) and Tunisia. (32) Current findings 
introduced p.Asnl303Lys as the fourth common 
detected mutation in North Eastern Iran. The 
p.Gly542X mutation is distinguished as the second 
common mutation in CF patients of Spain, (33) 
Poland (34), Romania (35), and some Spanish origin 
countries of South America like Costa Roca (36) and 
Cuba. (37) p.Arg334Trp is more frequent in South 
American countries and is considered to be 
associated with greater risk for pancreatitis and 
renal proteinuria, (38, 39) while the patient carrying 
this mutation in our study suffered from pancreatic 
insufficiency and mild proteinuria. p.Leu467Phe is a 
rare mutation and was first identified in France. 

The mutation that seems to have a different 
frequency in Khorasan compared to other provinces 
in Iran is p.Tyr515X /1677delTA. This mutation was 
the second most frequent mutation among CF 
patients of Khorasan, while it was 10 th common 
mutation (frequency of about 1%) in Iran according 
to previous studies. (13) This may refer to different 
ethnic origin of Khorasanian population. p.Tyr515X 
is suggested to be considered in the panel of 
mutations for analysis of CFTR mutations in 
Khorasan. 



Conclusion 

Current study resulted in identification of seven 
types of CFTR mutations in 21.42% of CF patients of 
Khorasan. Regarding the low mutation sensitivity of 
current study and the great percent of unidentified 
CFTR mutations (78.58%), it seems to be an 
unavoidable task to characterize all CFTR mutations 
by designing more efficient detection methods and 
whole gene sequencing in future. 
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